Introduction
Bacillus subtilis lipopeptides (iturin, surfactin and fengycin) synthesized non-ribosomally via muti-enzymes are considered some of the most promising biosurfactants [6, 17] . Iturin A is a cyclic lipopeptide containing heptapeptide (L-Asn-D-Tyr-D-Asn-L-Gln-L-Pro-D-Asn-L-Ser) cycled with a β-amino fatty acid. The surfactin family encompasses structural variants, but all the members of this family are heptapeptides interlinked with a β-hydroxy fatty acid to form a cyclic lactone ring structure. Fengycin are lipodecapeptides with an internal lactone ring in the peptide moiety and with a β-hydroxy fatty acid chain that can be saturated or unsaturated [12] . Because of their amphiphilic nature, lipopeptides readily associate with and tightly anchor into lipid layers; in addition they exhibit antagonistic activities against several plant pathogens by interfering with biological membrane integrity in a dose-dependent manner [7] . Along with their surface activity and wide spectrum of antibiotic activity, biologically-derived lipopeptides have advantages over synthetic chemical fungicides, specifically low toxicity, low allergic effect on humans and animals, and high biodegradability [14] .
To meet the need for lipopeptides, most previous work emphasized the isolation and screening of hyper-producing microorganisms [2] that were cultured via submerged fermentation (SMF) [16] or solid-state fermentation (SSF) [11] . Fermentation processes mostly used organic nitrogen, carbon, and potassium salt. However, few studies have been devoted to investigating trace elements and precursors such as Fe
2+
, Mn 2+ and fatty acids, which are related to synthetase activity in Bacillus [8] . In industrial-scale produc-
The nutritional requirements for the maximum production of lipopeptides by Bacillus subtilis N7 (B. subtilis N7) were investigated and optimized using response surface methodology (RSM) under shake flask fermentation. A one-factor-at-a-time experimental setup was used to screen carbon and nitrogen sources. A Plackett-Burman design (PBD) was employed to screen the most critical variables for lipopeptides production amongst ten nutritional elements. The central composite experimental design (CCD) was finally adopted to elucidate the composition of the fermentation medium. Statistical analyses (analysis of variance, ANOVA) of the results showed that KCl, MnSO 4 and FeSO 4 ·6H 2 O were important components and that their interactions were strong. Lipopeptide production was predicted to reach 709.87 mg/L after a 60 h incubation using an optimum fermentation medium composed of glucose 7.5 g/L, peanut oil [4] . Therefore, it has been increasingly used for various phases of optimizing the fermentation process [4, 13, 20] .
In the present study, we adopted a one-factor-at-a-time experiment to screen carbon and nitrogen sources for lipopeptides production by Bacillus subtilis N7. Furthermore, the Plackett-Burman design technique was applied to screen ten factors for the ones that most inuence the production of lipopeptides. Subsequently, important factors were optimized using the central composite design technique.
Materials and Methods

Microorganism and culture conditions
The lipopeptide producing strain B. subtilis N7 was isolated from the cucumber rhizosphere, whose 16s rRNA gene sequence shows 99% identity to Bacillus subtilis DSM 10 based on a BLAST search against all nucleotide sequences in the NCBI database. This strain was stored in nutrient agar (NA) medium at 4 o C, and the sequence of the N7 strain was deposited into GenBank with the accession number JQ317780. To prepare the seed culture, a loop of N7 cells from an NA slant culture of fresh NA was inoculated into a 250 ml flask containing 50 ml Luria-Bertani (LB) broth; the flask was shaken for 60 h at 240 rpm and 24 h at 200 rpm on a rotary shaker at 30 o C and used as a seed culture for subsequent submerged cultivations. Batch fermentation was carried out with 170 rpm orbital agitation for 60 h at 30 o C in 250 ml asks containing 50 ml of fermentation medium inoculated with 1% v/v of seed culture. Basal medium (glucose 5 g/L, peptone 10 g/L, NaCl 5 g/L, pH 7.0) was used for carbon and nitrogen source selection. The original fermentation medium (pH 7.0) consisted of 1% carbon source (glucose, sucrose, starch or potato), 0. All the experiments were carried out independently in triplicate, and the results were the average of three replicate experiments.
Analysis of samples
The production of the lipopeptides was measured using the a previously-reported method [16] with slight modication. High-performance liquid chromatography (HPLC) for quantitative determination of lipopeptides was performed on an Agilent Technologies 1200 series system (Agilent Co., Santa Clara, CA, USA) composed of an Eclipse XDB-C18 column (4.6 mm × 250 mm, 5 µm). The injection volume was 20 µl. The sample was eluted with a mobile phase of 3.8 mM triuoroacetate/acetonitrile (3:2, v/v) at a flow rate of 0.8 ml/min. The chromatogram was monitored at 280 nm. Iturin A and surfactin standards obtained from Sigma-Aldrich Chemical (st. Louis, MO, USA) to construct calibration curves from which lipopeptide concentration in the fermentation media was determined.
Experimental design and data analysis
A one-factor-at-a-time approach and a two-way classification design [9] were used to screen suitable carbon and nitrogen sources. Experiments were conducted in triplicate, and the data were analyzed using SPSS Version 16.0 software (SPSS Inc., Chicago, IL, USA).
To identify the important variables for lipopeptides production, different medium components were evaluated using PBD The total number of trials to be carried out according to PBD is k+1, where k is the number of variables. Each variable was studied at two levels, high and low, denoted by (+1) and (-1) signs, respectively (Table 1) . One dummy variable was introduced into the PBD matrix, which was used to calculate the standard error (SE) as follows:
(1) Where E d is the effect of the dummy variable and n is the 
